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PROBLEM OF EVOLUTIONARY ORIGIN OF INTELLIGENCE AND MODELS  OF 

ADAPTIVE BEHAVIOR 
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Institute of Optical Neural Technologies, RAS 
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Abstract. The approach to the problem of evolutionary origin of intelligence is discussed; the approach is based on 
modeling of evolution of adaptive behavior. The works of leading laboratories in the field of simulation of adaptive 
behavior are characterized. A special attention is paid to reinforcement learning and adaptive critic designs. The 
project “Animat Brain” directed to development of a general platform for systematic designing of models of adaptive 
behavior is described. The results of the concrete model of evolution of self-learning agents that are based of adaptive 
critic designs are represented. The sketch program for future research of evolution of adaptive behavior is proposed. 
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� f

 �

� �

�

k

�  
f

! !

f

#

f � f

 v

j � l

�

"  [32,33] 
(( .( . � �

f �

�

k

, 
� � � � � �  �

 
� � � �

� j

�

� ' �  ! # � ' #

f

j j

�

# �

k f � �

n  � ( ) ); 
- #

f

i #

f o

�

�

�

 

 ! #

� �

l

�

! �

k

 ! �

� �

# � �

� �

n  
� � � �

� j  
 

! #

f k

& �

� �

n  
f � �

# � ! � j � #

r � $ %

 
�

 '

 

j

f �

�

�

�

� $ %

 
# �

o

�

�

�

k

 [34] (
�

.( . �

� f �

� �

k �

h , �

f �

�

�

-w �

�

� #

o  

# '

�

�

�

"  ! � &

� �

�

% � �

h �

�

�

�

"  
 � � k

� #

� � �

�

�

); 
- #

f

i #

f o

�

�

�

 

 
�

� " # �

�

�

�

�

k $ %

 j � � � & � "  ! �

k

� � �

� �

n  # �

o

�

�

�

k

 
�

 # �

o

�

�

�

�

�

% � �

h �

�

�

� %

 
 � �

# � "

� � k

 [35] 
(( .( . �

f

j

f

#

� �

, )

� �

 
�

� " # � �

� o

� #

�

�

� �

�

�

 
�

j . ( .m . 
e

� '

f � f

 �

� �

); 
- j � � � &

�

 
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n  
� f

 �

� �

�

k

�  v

k

� &

s

l

�

�

� � $ %

 
�

 
�

� " # �

�

�

�

�

k $ %

 j �

�

� � �

k

, 
k

 h

f � � �

�

� � �

, 
j � � � &

�

 v

k

� &

s

l

�

�

� �

� ' �  
k

� i

� �

�

�

�

k

�

� �

n  l � & �

� f

! #

f k

& �

� �

� ' �  
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n  [36-40] 
(

�

.
�

. � � � � � � , u .� . m

 

# l �

k

, p .w . u �

� f

& �

k

, 
� � � � � �  �

 � !

� �

� � -
�

� " # �

� � $ %

 
�

�

% �

� & � '

�

"  � ( ) , 
� � � � � �  �

 ! #

�

� &

f

�

�

� "  j

f �

� j

f � �

�

�

 
�

j . u .
�

. 
e

� & �

$

q

f

 � ( ) ). 
 

p �

� �

 
�

i  � &

s

h �

k $ %

 j �

�

� � �

k

, 
� �

! � & � i

 

� j

$ %

 ! #

�

 #

f

i #

f o

�

�

� �  j � � � & � "  
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n  - 
j �

�

� �  �

o  

h �

� �

n  
�

 ! � � � # � ! & �

� �

� j . 
�

 
�

& � �

 s t

� j  #

f

i � � & �  j

$

 �

% f

#

f

�

�

� #

�

i

 

� j  v

�

�  j �

�

� � , 
f

 
� f

�

g

�  
� #

f �

� �  � !

�

q � j  
� � �

� # �

� �

� �  
� f

! #

f k

& �

� �

�  #

f o

�

�

, #

f

i

k � k f

� j � �  
k

 #

f

j �

f %

 
�

� � #

� �

 �

o  

h �

� �

n  
�

 
! � � � # � ! & �

� �

� j , –  
�

� " # �

�

�

�

�

k $

�  
f

�

f

!

� � k � $

�  � #

� � �

�

�

. 
 
2.3. 

� [

d �

b X

Z

b

 
\

 
, V +

c .

b ,

Y

b X

Z

b

a  
 

	 � � #

�

n  �

o  

h �

� �

n  
�

 ! � � � # � ! & �

� �

� j  (reinforcement learning) 
o $

&

f

 #

f

i

k � � f

 
k

 l

�

� & �  #

f o

�

�

 � . �

f � �

�

� f

 
�

 
Ž . m

f

#

�

�  (u

f � � f

h

 �

�

� �

�

�

"  
 � � k

� #

� � �

�

�

), � �

�

� #

$

"  ! � � # �

o �

�  �

�

#

f g

�

�

 
k

 �

� �

' �  [19].  
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�

� � "

� $

j  
k

� �

% �

�

k � �

� & � j  v

� � %

 #

f o

�

�

 
o $

&  ( .
�

. 
e

& � !

r

 (Air Force, USA), � �

�

� #

$

"  
k

 �

� �

' �  
"� � & �

 � �

# � j & �

� � $

"  
�

� " # �

�

" ! # � � & �

g �

&  
�

�

�

� � & � � �  
�

! � #

�  s

, 
�

�  � �

� � f �

� h

�

�  h �

�

�

 s

 
�

 
! �

�

& � � �

k f �

� & �

�  s

 j �

�

� � � & � '

� s

 
� � �

& � � �

k f � �

"  !

f

j n

� �

, �

o  

h �

� �

n , 
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n  [41].  
 

p

o t f

n  
� %

� j

f

 �

o  

h �

� �

n  
�

 ! � � � # � ! & �

� �

� j  [19] ! � �

f

i

f � f

 
� f

 #

� �

. 3. 

r(t-1)

 S(t+1)

 r(t)
 a(t)

� � � � � �

� � � 	 �

 S(t)

 
�

� �

. 3. �
%

� j

f

 �

o  

h �

� �

n  
�

 ! � � � # � ! & �

� �

� j . 
 

�

f � �

j

f �

#

� k f

�

� �

n  
f � �

j

f �

, 
k

i

f �

j � � � "

� � k  s t �

"  
�

 
k �

� q

�

� "  
�

# � � � " . 
�

# � j n  ! # � � ! � &

f

'

f

�

� �

n  
�

� �

� # �

� � $

j : t = 1,2,… 
�

 
�

� �

 t

� "  
� � �  f

l

� �

 
f � �

j

f �

 S(t) 
k $

! � &

�

n �

�

 � � "

� � k �

�  a(t), ! � &

 

h

f

�

�

 
! � � � # � ! & �

� �

�  r(t) 
�

 ! � !

f

�

f

�

�

 
k

 
�

& � �

 s t  s

 
� � �  f

l

� s

 S(t+1). w � � � # � ! & �

� �

�  j �

g

�

�

 
o $ �

�  
! � & �

g � �

� & �

� $

j  (
� f

' #

f

�

f

) 
�

&

�

 �

�

#

�

l

f �

� & �

� $

j  (
� f

�

f

i

f � �

� ).  
 

� � & �  
f � �

j

f � f

 – j

f

�

� �

j

�

i

�

# �

k f �

�  
�  

j j

f

#

�  s

 
� f

' #

f

�

 

, � �

�

� #

 s

 j �

g �

�  ! � &

 

h

� �

�  
k

 
o  

�

 t

� j  
k

 
�

� h �

� �

�  � &

� �

� & �

�

� ' �  ! � #

�

� �

f

 
k

# � j �

� �

. w � � #

f

i

 

j �

k f

�

� �

n , h

�

�  
f � �

j

f �

 j �

g

�

�

 
�

j �

�

�  
� k

�

s

 
k �  �

# �

� � s s

 "
�  o

� � �

� � k �  s

" � l �

�

�

 

 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 
�

 
k

 ! # � l �

� �

�  �

o  

h �

� �

n  ! �

� �

� n

� �

�  
�

�

k

� # q �

� � � k  

�

�

 v

�  

 � l �

�

�

 

. Ž

� f

 � l �

�

�

f

 � ! # � � � & n �

� �

n  
�

 
 

h �

�

� j  � �

v

r r �

l

�

�

� � f

 i

f o $ k f � �

n :  
  
U(t) = 
 � k=0 �

k r(t+k) ,         (1) 
 

' � �  U(t) – � l �

�

�

f

 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

, �

g �

�

f

� j � "  ! �

�

& �  j � j �

� � f

 
k

# � j �

� �

 t, �  – � �

v

r r �

l

�

�

� �

 
i

f o $ k f � �

n  (�

� �

� �

� � � $

"  
r f

�

�

� # ), 0 < �  < 1. 
e

�

v

r r �

l

�

�

� �

 i

f o $ k f � �

n  
 

h

� � $ k f

�

�

, h

�

�  h � j  �

f

& � q �  
f � �

j

f �

 «i

f

' & n �

$ k f

�

�

» 
k

 
o  

�

 t

� � , 
�

� j  j �

�

� q �  
 

 
�

� ' �  
 k

� # �

� �

�

� �

�  
k

 � l �

�

� �  
� f

' #

f

�

$

 («#

 o

& �  
�

� ' � �

�

n  
� �

�

� �

 
o

� & � q � , h � j  #

 o

& �  i

f k �

#

f

»). 
 

�

 ! # � l �

� �

�  �

o  

h �

� �

n  
f � �

j

f �

 
r

� # j

�

#

 

�

�

 x y ~ € � € • }  (
� �

#

f �

� '

� s

 ! �

k

� � �

� �

n ). w � &

� � �

�

f

 � ! # � � � & n �

�

 
k $ o

� #  (� �

�

� # j

� � �

# �

k f � � $

"  
�

&

�

 
k

� # � n

� �

�

� � � $

" ) � � "

� � k �

n  
k

 i

f k � � �

j �

� � �

 �

�

 
� � �  f

l

� �

. � . �

f � �

�

�

 
�

 
Ž . m

f

#

�

�  [19] 
� � �

& � � �

k f

&

�

 # n �  j �

�

� � �

k

 
r

� # j

�

# �

k f � �

n  ! � &

� � �

�

�

, �

� �

�

k f � � $ %

 
� f

 �

� � f

j

�

h �

�

� � j  
! # � ' #

f

j j

�

# �

k f � � �

 
�

 j �

�

� �

f %

 u �

� �

� -
e f

# & � .  
 

) �

&

�

 j

�

�

g

�

� � k

�  
k

� i j �

g � $ %

 
� � �  f

l

�

"  {Si} 
�

 � � "

� � k �

"  {aj} � �

�

� h

�

� , 
�

�  
�  t

�

� � k  

�

�

 ! # �

� �

� "  j �

�

� �  
�

o  

h �

� �

n  SARSA, �

f g

�

$

"  q

f

'  � �

�

� # � ' �  
�

� �

� k

�

� � � k  

�

�

 l � ! � h � �  
�

�

o $ � �

"  
S(t) 
  a(t) 
  r(t) 
  S(t+1) 
  a(t+1). 
 
2.3.1. 

� b _ V +

 SARSA 
 

e

#

f �

� �  � !

�

q � j  j �

�

� �  SARSA. 
�

 v

�

� j  j �

�

� � �  
� �

� #

f � � k �

�  
r

� # j

�

#

 s � �

n  � l �

�

�

�

 
k

� &

�

h

� � $

 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 Q(S(t), a(t)), � �

�

� #

 s

 ! � &

 

h

� �

 
f � �

j

f �

, �

�

&

�

 
k

 
� � �  f

l

� �

 S(t) �

�

 
k $

! � &

� � �

 
� � "

� � k �

�  a(t). u

f �

� j

f � �

h �

�

� � �  �

g �

�

f � �

�  
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 #

f k �

� : 
 
Q(S(t), a(t)) = E {r(t) + �  r(t+1) + �

2 r(t+2) + …} | S = S(t), a = a(t).     (2) 
 

�

i  (1) 
�

 (2) 
�

& � �

 

�

�

 Q(S(t), a(t)) = E [r(t) + �  Q(S(t+1), a(t+1))]. p q

� o

�

 

 �

� �

�

� � k

�

� �

�  � ! # � � � &

� �

�  
� f

�  
[19]: 
 

�

(t) = r(t) + �  Q(S(t+1), a(t+1)) - Q(S(t), a(t)).         (3) 



 7 

 
�

� &

�

h

� � f

 
�

(t) 
� f

i

$ k f

�

� �

n  � q

� o

� � "  
k

# � j �

� �

� "  #

f

i

�

�

� � �

. 
 

�

� �

�

�  
�

(t) –  #

f

i

�

�

� �

�  j �

g

�

 

 
�

� "  � l �

�

� � "  
�  

j j

f

#

�

� "  
k

� &

�

h

� � $

 
� f

' #

f

�

$

, � �

�

� #

f

n  
r

� # j

�

#

 

�

� �

n  
 

 
f � �

j

f � f

 � & n  j � j �

� � f

 
k

# � j �

� �

 t ! �

�

& �  
k $ o

� #

f

 � � "

� � k �

n  a(t+1) 
k

 
�

& � �

 s t

� "  
� � �  f

l

� �

 S(t+1) 
k

 
j � j �

� �

 
k

# � j �

� �

 t+1, 
�

 ! # � �

$

�

 t

� "  � l �

�

� � "  v

�

� "  
g

�  
k

� &

�

h

� � $

, � �

�

� #

f

n  
o $

&

f

 
 

 
f � �

j

f � f

 
k

 j � j �

� �

 
k

# � j �

� �

 t . w # � �

$

�

 t f

n  � l �

�

�

f

 #

f k � f

 Q(S(t), a(t)), 
�

�

k f

n  � l �

�

�

f

 #

f k � f

 r(t) + �  Q(S(t+1), a(t+1)), h
�

�  
�

 �

�

#

f g f

�

�

 
r

� # j

 

&

f

 (3) � & n  
k

� &

�

h

� � $

 
�

(t) . 
�

 
�

� �

� k

�

� � � k � �

 
�

 v

� �

j  
�

(t) 
f � �

j

f �

 
�

 �

o  

h

f

�

� �

n  (
�

j . 
� � g

� , 
r

� # j

 

&

 

 (4)). 
 

e f g

�

$

"  
� f

�

�

 
k

# � j �

� �

 ! # �

� � %

� �

� �

 �

f

�  
k $ o

� #  � � "

� � k �

n , 
� f

�  
�

 �

o  

h �

� �

�  
f � �

j

f � f

. 
� $ o

� #  � � "

� � k �

n  
! # �

� � %

� �

� �

 
� f

� : 
- 

k

 j � j �

� �

 t 
�

 
k

� # � n

� �

�

� �

�

s

 1 - �  
k $ o �

#

f

�

� �

n  � � "

� � k �

� , 
�

� �

� k

�

� � � k  s t

� �  j

f

�

� �

j

f

& �

�

� j

 

 i

� f

h �

� � s

 
Q(S(t), ai): a(t) = ak ,  k = arg maxi {Q(S(t), ai)} 
- 

�

 
k

� # � n

� �

�

� �

�

s

 �  
k $ o �

#

f

�

� �

n  ! # �

�

i

k

� & �

�

� �  � � "

� � k �

� , 0 < �  << 1. 
	

f

�

 s

 
� %

� j

 

 
k $ o

� #

f

 � � "

� � k �

n  
� f

i

$ k f s �

 «� –
g f

�

� $
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� � � �

�  
� � � �

� j

$

 
 

! #

f k

& �

� �

n . 
 

Q-c . Z

_

Z c . �

%

� j

f

 Q-� #

� � �

�

f

 ! # � �

� � f k

& �

� f

 
� f

 #

� �

. 4. w # � � ! � &

f

'

f

� j , h

�

�  �

f

�  
e

#

� � �

� , 
� f

�  
�

 
e

�

� �

# � & & � #  ! # � �

� � f k

& n

s �

 
�

�

o

� "  j

�

� ' �

�

& � "

� $

�  ! � #

�

� !

�

# �

� $

 (
� f

�

�

�  
g

� , �

f

�

�

�  
� �

! � & � i

 s � �

n  
k

 
j �

�

� � �  �

o

#

f � �

� ' �  #

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

) 
�

 
k

�

� f

j

�

 
� � � f

!

�

�

k

 WC 
�

 WA , 
�

� �

� k

�

� � � k

�

� �

� . 

�

(t)

e

#

� � �

�

A(t)

S(t)
Q(S(t), A(t))

e

�

� �

# � & & � #S(t)  A(t)
 

 
�

� �

. 4. �
%

� j

f

 Q-� #

� � �

�

f

. 
 

�  �

� l

�

�

� �

# �

k f � �

�  v

�

� "  
� %

� j

$

 ! # �

� � %

� �

� �

 
�

& � �

 s t �

j  �

o

#

f

i � j . 
�

 j � j �

� �

 
k

# � j �

� �

 t 
e

�

� �

# � & & � #  
! �  

k

� �

�

� #

 

 
k %

� �

�

� "  
� � �  f

l

� �

 S(t) � ! # � � � & n �

�

 
k

� �

�

� #  � � "

� � k �

n   A(t) (� � j

f �

�

$

 
� f

 v

r r

� �

�

� #

$

). )

f

 
k %

� �

$

 
e

#

� � �

�

f

 ! � �

f s � �

n  �

k f

 
k

� �

�

� #

f

: S(t) 
�

 A(t). w �  v

�

� j

 

 
�

�

� � f k �

� j

 

 
k %

� �

�

� j

 

 
k

� �

�

� #

 

 
e

#

� � �

�  
� � &

f

�

�

 � l �

�

�

 

 �

f

h �

� � k f

 Q(t) = Q(S(t),A(t)) � � "

� � k �

n  A(t) 
k

 
�

� �

 t

� "  
� � �  f

l

� �

 S(t). • � "

� � k �

�  A(t) 
k $

! � &

�

n �

� �

n , 
f � �

j

f �

 ! � &

 

h

f

�

�

 
� f

' #

f

�

 

 r(t). •

f

& � �  ! # �

� � %

� �

� �

 ! � # �

%

� �  �  
�

& � �

 s t

� j

 

 j � j �

� �  

 
k

# � j �

� �

 t+1. 
� �

�  � ! � #

f

l

� �

 ! �

k �

� # n

s � �

n , 
k

 
�

� j  h

� �

& �  � � &

f

�

� �

n  � l �

�

�

f

 i

� f

h �

� �

n  Q(t+1). w �

�

& �  
v

�

� ' �  � ! # � � � & n �

� �

n  � q

� o

�

f

 
k

# � j �

� �

� "  #

f

i

�

�

� � �

: 
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�

(t)  = r(t) + �  Q (t+1) - Q (t).            (5) 
 

p

o  

h �

� �

�  
�

� " # �

�

�

�

� "  
k $

! � &

�

n �

� �

n  
�

& � �

 s t �

j  �

o

#

f

i � j : 
 

�

 WC = � 1 gradWC(Q (t)) 
�

(t),           (6) 
 

�

 WA = � 2 
�

k {[ � Q (t) /�  Ak(t)] gradWA Ak(t) },         (7) 
 

' � �  � 1 
�

 � 2 – !
f

#

f

j �

�

#

$

 
�

� � # �

� � �

 �

o  

h �

� �

n .  w # �

�

i

k

� �

� $

�  ! �  
k

�

� f

j  
� � � f

!

�

�

k

 gradWC (.) 
�

 gradWA (.) 
k

 (6) 
�

 (7), 
f

 
� f

�

g

�  � Q (t) /�  Ak(t) 
k

 (7) #

f � �

h

� � $ k f s � �

n  �

f

�  ! # �

�

i

k

� �

� $

�  
�

& �

g � $ %

 
r  �

� l

�

" , 
f � f

& � '

�

h

�

�  
�

� j

 

, �

f

�  v

�

�  � � &

f

�

� �

n  
k

 j �

�

� � �  �

o

#

f � �

� ' �  #

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

 [19].  
�

 
r

� # j

 

& �  
(7) 

 

h

� � $ k f

�

� �

n , h

�

�  
�  g �

�  
o

#

f �

�  ! # �

�

i

k

� �

� $

�  ! �  
k �

� j  � � j ! �

�

�

� � f

j  
k

� �

�

� #

f

 A(t) 
�

 
�  

j j

�

# �

k f �

�  
! �  

k �

� j  v

� �

j  � � j ! �

�

�

� � f

j . 
 

� j

$ �

&  
�

i j �

�

�

� �

"  
k

�

�

�

k

 
� � � f

!

�

�

k

 ! �  
r

� # j

 

&

f

j  (6), (7) 
�

�

� �

�

� �

 
k

 
�

� j , h

�

�  
k

�

� f

 
e

#

� � �

�

f

 
�

 
e

�

� �

# � & & � #

f

 j �

�

n

s � �

n  
� f

�

�

j  �

o

#

f

i � j , h

�

�

o $

 
 

j �

�

� q

� �

�  � q

� o

�

 

 
k

 � l �

�

� �  �

g �

�

f

� j � "  
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 (�

o  

h �

� �

�  
e

#

� � �

�

f

) 
�

 
 k

� &

�

h

� �

�  i

� f

h �

� �

�  
� f

j � "  
� f

' #

f

�

$

 ! #

�

 ! � !

f

�

f � � �

 
f � �

j

f � f

 
k

 
o

&

�

i �

�

�  
� � �  f

l

� �

 (�

o  

h �

� �

�  
e

�

� �

# � & & � #

f

).  
 

V-c . Z

_

Z c . �

%

� j

f

 V-� #

� � �

�

f

 ! # � �

� � f k

& �

� f

 
� f

 #

� �

. 5.  

e

#

� � �

�S(t) V(S(t))

e

�

� �

# � & & � #S(t)  A(t)

�

(t)

u � � � & �

S(t)

 A(t)
Spr(t+1)

 
 

�

� �

. 5. �
%

� j

f

 V-� #

� � �

�

f

. 
 

�

 v

�

� "  
� %

� j �  
o

& � �  
e

#

� � �

� , 
k

 �

�

&

�

h

�

�  �

�

 
� %

� j

$

 Q-� #

� � �

�

f

, � l �

� � k f

�

�

 �

f

h �

� � k

�  
� � �  f

l

� �

 V(S(t)) 
�

� i

f k � � �

j �  �

�

 
k $

! � &

�

n � j � ' �  � � "

� � k �

n . p �

� f

� �  v

� f

 
� %

� j

f

 
�

� � � #

g � �

 
o

& � �  u � � � & � , 
k

 � �

�

� # � j  
! # � '

�

� i

�

#

 

�

� �

n  
o  

�

 t f

n  
� � �  f

l

�

n  Spr(t+1) = Spr (S(t), A(t)) 
k

 i

f k � � �

j �

� � �

 �

�

 
�

� �

 t

� "  
� � �  f

l

� �

 S(t) 
�

 
k $

! � &

�

n � j � ' �  � � "

� � k �

n  A(t). 
�

 � & n  v

�

� ' �  ! # � '

�

� i

�

#

 

� j � "  
� � �  f

l

� �

 Spr(t+1) 
o

& � �  
e

#

� � �

�  j �

g

�

�

 
�

� � &

f �

�  � l �

�

�

 

 � �  �

f

h �

� � k f

 Vpr = V(Spr(t+1)) = V (Spr (S(t), A(t))). 
 

w # � � ! � &

f

'

f

� j , h

�

�  
e

#

� � �

� , 
e

�

� �

# � & & � #  
�

 u � � � & �  ! # � �

� � f k

& n

s �

 
�

�

o

� "  j

�

� ' �

�

& � "

� $

�  ! � #

�

� !

�

# �

� $

 
�

 
k

�

� f

j

�

 
� � � f

!

�

�

k

 WC ,WA 
�

 WM , 
�

� �

� k

�

� � � k

�

� �

� . 
 

�  �

� l

�

�

� �

# �

k f � �

�  v

�

� "  
� %

� j

$

 ! # �

� � %

� �

� �

 
�

& � �

 s t �

j  �

o

#

f

i � j . 
�

 j � j �

� �

 
k

# � j �

� �

 t 
e

�

� �

# � & & � #  
! �  

k

� �

�

� #

 

 
k %

� �

�

� "  
� � �  f

l

� �

 S(t) � ! # � � � & n �

�

 
k

� �

�

� #  � � "

� � k �

n  A(t). 
e

#

� � �

�  � � &

f

�

�

 � l �

�

�

 

 �

f

h �

� � k f

 
V(t) = V(S(t)) 

�

� �

 t

� "  
� � �  f

l

� �

 S(t). u � � � & �  ! # � '

�

� i

�

#

 

�

�

 
�

& � �

 s t

� �  
�

�

� �

� n

� �

�   
Spr(t+1) = Spr (S(t), A(t)). 

e

#

� � �

�  � l �

� � k f

�

�

 �

f

h �

� � k

�  ! # � '

�

� i

�

#

 

� j � "  
� � �  f

l

� �

 Vpr = V(Spr(t+1)). 
• � "

� � k �

�  A(t) 
k $

! � &

�

n �

� �

n , 
f � �

j

f �

 ! � &

 

h

f

�

�

 
� f

' #

f

�

 

 r(t). p l �

� � k f

�

� �

n  � q

� o

�

f

 
k

# � j �

� �

� "  
#

f

i

�

�

� � �

: 
 

�

(t)  = r(t) + �  V(Spr(t+1)) - V(S(t)) .         (8) 
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p

o  

h

f s � �

n  
e

#

� � �

� : 
 

�

 WC = � 1 grad WC(V (t)) 
�

(t),         (9) 
 

�

 
e

�

� �

# � & & � # : 
 

�

 WA = � 2 
�

k {[ �  V(Spr(t+1))/ �  Ak(t)] grad WA Ak(t)} ,     (10) 
 

�  V(Spr(t+1))/ �  Ak(t) = 
�

j {[ �  V/ � Spr j ] [� Spr j /�  Ak(t)]}.      (11) 
 

w # �

�

i

k

� �

� $

�  
k

 (11) 
o

� #

 � �

n  
k

 
�

� �

� k

�

� � � k � �

 
�

 
r

� # j

 

&

f

j

�

 
�

� " # �

� � $ %

 
�

�

�

� "  
e

#

� � �

�

f

 
�

 u � � � &

�

. 
 

•

f

& � �  ! # �

� � %

� �

� �

 ! � # �

%

� �  �  
�

& � �

 s t

� j

 

 j � j �

� �  

 
k

# � j �

� �

 t+1. � #

f k � � k f s � �

n  ! # � '

�

� i

�

#

 

� j

f

n  
Spr(t+1) 

�

 # �

f

& �

� f

n  
� � �  f

l

�

n  S(t+1).  
�

 
�

� �

� k

�

� � � k � �

 
�

 � q

� o

� � "  v

�

� ' �  ! # � '

�

� i

f

 �

o  

h

f

�

� �

n  u � � � & �   
�

o $

h

� $

j  j �

�

� � � j  �

o

#

f � �

� ' �  #

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

. 
 

p

o  

h �

� �

�  
e

#

� � �

�

f

 
�

�

� �

�

� �

 
k

 
�

� j , h

�

�

o $

 
� �

� #

f � � k �

�  
 �

� h

�

n

�

�  � l �

�

�

 

 �

f

h �

� � k f

 
� � �  f

l

�

"  V(S(t)) 
k

 
�

� �

� k

�

� � � k � �

 
�

 ! �

� �  

!

f s t �

j

�

 ! � � � # � ! & �

� �

n j

�

. 
 

p

o  

h �

� �

�  
e

�

� �

# � & & � #

f

 
�

�

� �

�

� �

 
k

 
�

� j , h

�

�

o $

 ! �

� �

� ! �

� �

�  
r

� # j

�

# �

k f �

�  � � "

� � k �

n , ! #

� k

� � n

t �

�  �  
� � �  f

l

�

n j  
�

 
k $ �

� �

�

j

�

 i

� f

h �

� �

n j

�

 �

f

h �

� � k f

 V(S). 
 

� j

$ �

&  �

o  

h �

� �

n  u � � � &

�

 – 
 �

� h

�

�

� �

�  ! # � '

�

� i �

k

 
o  

�

 t � %

 
� � �  f

l

�

" .  
 

p

�

j �

� �

j , h

�

�  � l �

�

�

f

 
r  �

� l

� �

 �

f

h �

� � k f

 
� � �  f

l

� �

 V(S(t)) 
k

 v

�

� "  
� %

� j �  
f � f

& � '

�

h

� f

 v

j � l

�

�

� f

& �

�

� "  
� l �

�

� �  
�

� �

 t

� ' �  
�

�

� �

� n

� �

n  
� � � �

� j

$

  
k

 j � � � & n

%

 ( .( . � �

f �

�

k f

 [32,33].  
 

m � & � �  ! � &

�

�  
�

� � #

�

n  
f

�

f

!

� � k � $ %

 � #

� � �

� �

k

 
�

 � �  
�

�

k

# � j �

� �

� �  
�

�

� �

� n

� �

�  
% f

#

f

�

�

� #

�

i

 

�

� �

n  
k

 #

f o

�

� f %

 
[44,45]. 
 
2.4. 

� b V

. Z �  
�

d

X

c � Z

V X ^

Y

` X � �

 
\

Z

\ _ b

a  
�

.
�

. 
� X V �

Z

X ^

 c

^

c  c

V X

�

b , _

d

^

Y

` X ^

�  
V \ X V ] ^

 Z

\ \

Y

b + V ] ^ X

Z

�

 
^ + ^ , _

Z

] X V - V

 
, V ] b + b X

Z �  
 

• & n  �

�

j

$ �

& �

� �

n  j

�

� ' � �

o

#

f

i

�

n  
r

� # j  
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n  
�

� �

o %

� �

�

j �  
�

�  
�

� & � � �  
� � �

& � � �

k f � �

�  
� �

�

� # �

� � $ %

 j � � � & � " , 
�

�  
�

 #

f

i #

f o

�

�

�

f

 �

o t � %

 � �

�

l � ! l

�

"  
�

 
� %

� j , ! � i

k

� & n

s t � %

 
k

i ' & n

�  �

�  
� k

� #

%  

, "
�

 
k $ �

�

� $

 !

� �

h � � ' �  ! � & �

� f

" 
� f

 v

� �

 
� � �

& � � �

k f � �

n . 
 

�

i  � �

�

� "  
� f

�

� %

 � �

�

l � !

�  f

& �

� $ %

 
�

� � #

�

"  j �

g

�

�

 
�

&

 g � �

�  
�

� � #

�

n  
r  �

� l

�

�

� f

& �

� $ %

 
� � � �
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j . 	

f

�  
! � #

k

�

� f

h

f

& �

� $

"  "
� � � � � �

�

�

" 
f

' �

� � f

, 
� f

! #

f k

& �

� � $

"  
� f

 ! � &

 

h �

� �

�  v

�

� # '

� �

, � !

� �

j

�

i

�

#

 

�

� �

n  i

f

 
�

h �

�

 
! � n

k

& �

� �

n  �

t

�  � �

�

� ' �  
 

# �

k �

n  ! � � l � & � " , 
� f

! #

f k

& �

� � $ %

, 
�

� �

� k

�

� � � k

�

� �

� : 
� f

 
�

�

o � � k

�

� �

�  !

� � f � �

� , 
� f

 
! �

� �

�  !

� t �

, 
o

� # �

o  

.  
 

 
 

�

� �

. 14. • � # �

k

�  
 �

& �

k �

"  � & n  
 

! #

f k

& �

� �

n  
k $ o

� # � j  ! � � l � & � " , 
r

� # j

�

#

 s t

� �

�

n  
k

 # � i

 

& �

� f �

�  
v

k

� &

s

l

� �

. 
 

�

 l � & � j  j � � � &

�

# �

k f � �

� , 
k $

! � &

�

�

� �

� �  
k

 [38], ! # � � � j �

� � �

#

�

# �

k f

& � , h

�

�  
k

 ! # � l �

� �

�  
� � �

& � � �

k f � � $ %

 
v

k

� &

s

l

�

�

� � $ %

 ! # � l �

� �

�

k

 
k

� i

� �

�

f

�

�

 �

� �

�

� � k

�

� � f

n  
�

� #

f

#

% �

h �

�

�

f

n  
� �

#

 

�

�  

#

f

 l � & � "  
�

 ! � � l � & � " . 
 
2.6. 

�

.

V b

c

_

 «
� V

�

-

 
^ X

Z a

^ _ ^

» [52] 1 
 

                                                           
1 � � � � �

�  «�

� � �  � �

� �

�  � » 	

� �  �

� � 


� � �

�

�  
�

.
�

. 
�

� � 


�

� �

�  
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p

� � f

& �

� k f

n

�

�  �

�

 
�

� � #

� �

 
r  �

� l

�

�

� f

& �

� $ %

 
� � � �

� j  w .
e

. (

�

�

% � � f

 (
�

j . #

f

i � � &  2.4), j �

g �

�  
! # � � & �

g � �

�  � �

� � f �

� h

�

�  �

o t  s

 «! &

f � r

� # j

 

» � & n  
� � � �

� j

f � �

h �

�

� � ' �  ! �

� �

# � �

� �

n  j � � � & � "  
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n . 
�

 #

f o

�

� f %

 [51,52] ! # � � & �

g

�

�

 ! # � � �

�

 «u � i '  
f � �

j

f � f

», � �

�

� #

$

"  �

f

�  #

f

i  
�

 
� f

l � & �

�

 
� f

 
r

� # j

�

# �

k f � �

�  �

o t

� "  
� %

� j

$

 ! �

� �

# � �

� �

n  
� f

�

� %

 j � � � & � " . 
e

#

f �

� �  � !

�

q � j  �

f � � $

"  
! # � � �

�

. 
�

 #

f o

�

�

�  [51] 
o $

&

f

 ! # � � & �

g

�

� f

 ! � #

k f

n  
k

� #

� �

n  ! # � � �

� f

, � !

� � $ k f s t f

n  
f

#

% � �

� �

�  

#

 

 
� � � �

� j

$

 
 

! #

f k

& �

� �

n  
f � �

j

f � f

 
� f

 �

� �

�

k

�  
�

� " # �

�

�

�

�

k $ %

 
o

& � � �

k

 ! # � '

�

� i

f

, �

o  

h

f

� j

$ %

 
�

 ! � j �

t

�

s

 j �

�

� �

f

 
�

o

#

f � �

� ' �  #

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

. )

� g

�  
�

i &

f

'

f

�

� �

n  
�

& � �

 s t f

n  
k

� #

� �

n  
f

#

% � �

� �

�  

#

$

 [52], 
�

� �

�

k f � � f

n  
� f

 
�

� " # �

�

�

�

�

k $ %

 
f

�

f

!

� � k � $ %

 � #

� � �

�

f %

 (
�

j . #

f

i � � &  2.3). 
 

w # � � ! � &

f

'

f

�

� �

n , h

�

�  
� � � �

� j

f

 
 

! #

f k

& �

� �

n  
f � �

j

f �

� j  
�

j � �

�

 
�

� #

f

#

% �

h �

�

�

 s

 
f

#

% � �

� �

�  

#

 

 (#

� �

.15). 
m

f

i �

k $

j  v

& � j �

� �

� j  
� � � �

� j

$

 
 

! #

f k

& �

� �

n  n

k

& n �

� �

n  �

�

� � & �

� f

n  
r  �

� l

�

�

� f

& �

� f

n  
� � � �

� j

f

 (
�

� ).  
 

� � � � � � � � �

 
� � � �

 

	 


1 

	 


1.1 
	 


1.2 

	 


1.1.1 
	 


1.1.2 

	 


2 

	 


2.1 
	 


2.2 
	 


2.3 

	 


2.1.1 
	 


2.1.2 
	 


2.2.1 
	 


2.3.1 

. . .  

 
�

� �

. 15. ( #

% � �

� �

�  

#

f

 
� � � �

� j

$

 
 

! #

f k

& �

� �

n  
f � �

j

f �

� j . 
�

� *  – 
r  �

� l

�

�

� f

& �

� f

n  
� � � �

� j

f

. 
 

w � #

k $

"  
 

# �

k

�

�

�  (
�

� 1, 
�

� 2, …) 
�

� �

� k

�

� � � k  

�

�

 �

� �

�

k � $

j  ! �

�

# �

o �

�

� �

n j  � # '

f � �

i j

f

: !

� � f � �

n , 
#

f

i j

�

�

g

�

� �

n , 
o

� i � !

f � �

�

� � �

, 
� f

� � ! & �

� �

n  i

� f � �

" . m � & � �  
� �

i �

�

�  
 

# �

k � �

 
� � � �

� j

$

 
 

! #

f k

& �

� �

n  
�

� �

� k

�

� � � k  s �

 
� f

�

� �

h �

�

�

�

j  l � & n j  ! �

k

� � �

� �

n . m & � �

�

 
k �

�

%

 v

� � %

 
 

# �

k �

� "  (
k

� &

s

h

f

n  ! � #

k $

" ) 
# �

f

&

�

i

 s � �

n  
�

 ! � j �

t

�

s

 
r  �

� l

�

�

� f

& �

� $ %

 
� � � �

� j . 
�

! #

f k

& �

� �

�  
�

 
k

� #

% � � %

 
 

# �

k �

� "  j �

g

�

�

 
! � # � �

f k f �

�

�

n  
� f

 
� � g � �

�  
 

# �

k � �

 (�

�

 «
�  

! � #

� � � �

� j » �  «
�  o � � � �

� j

f

j ») 
�

 
k

� i

k

#

f t f �

�

�

n  
� f

i

f

� . 
 

�

f

j

$

"  
k

� #

% � �

"  
 

# �

k

�

�

�  
�

� �

� k

�

� � � k  

�

�

 
k $ g � k f � � s

 
k �

�

f

 (
�

j . 
� f

�

g

�  
� %

� j

 

 
�

� #

f

#

% � �

 
 

! #

f k

& �

� �

n  
� f

 
#

� �

. 14). Ž

�

�

�

 
 

# �

k

�

�

�  ! � � #

f

i

 

j �

k f

� j

$

" , �

�

 
�

�  # �

f

&

�

i

 

�

� �

n  
�

 ! � j �

t

�

s

 � �

�

� # �

� �

� "  
r  �

� l

�

�

� f

& �

�

� "  
� � � �

� j

$

.  
 

w # � � ! � &

f

'

f

�

� �

n , h

�

�  
� � � �

� j

f

 
 

! #

f k

& �

� �

n  
f � �

j

f �

� j  
r  �

� l

�

�

� �

#

 

�

�

 
k

 �

� �

� # �

� �

� j  
k

# � j �

� �

. 	

f

�

g

�  
! # � � ! � &

f

'

f

�

� �

n , h

�

�  �

f g

�

$

"  
� f

�

�

 
k

# � j �

� �

 
f

�

� � k � f

 
�

� & � � �  � �

� f

 
�

� . 
 

�

f � �

j

f �

#

� k f

�

� �

n  ! # �

� � f

n  
r

� # j

f

&

�

i

f

l

�

n  
r  �

� l

�

�

� f

& �

�

� "  
� � � �

� j

$

 
� f

 �

� �

�

k

�  
�

� " # �

�

�

�

�

k $ %

 
f

�

f

!

� � k � $ %

 � #

� � �

� �

k

. 
�  �

� l

�

�

� f

& �

� f

n  
� � � �

� j

f

 j � � � &

�

#

 

�

�

 
�

& � �

 s t �

�  
k f g � $

�  �

�

�

o

�

� �

�

� � �

 � �  
o �

� & � '

�

h �

�

� � ' �  ! # �

�

�

� �

!

f

: 1) ! # � '

�

� i  # � i

 

& �

� f � f

 � � "

� � k �

n , 2) 
�

#

f k �

�

� �

�  ! # � '

�

� i

f

 
�

 # � i

 

& �

� f � f

, 3) 
� � # # � � l

� s

 ! # � '

�

� i

f

 !

 �

� j  �

o  

h �

� �

n  
k

 
�

� �

� k

�

� � � k  s t � %

 
�

� " # �

� � $ %

 
�

�

�

n

%

, 4) ! #

� �

n

� �

�  # � q �

� �

n . 
w #

� �

n

� �

�  # � q �

� �

n  
k

 �

f � �

� "  
� %

� j �  
�

�  
�

� �

� k

�

� � � k  

�

�

 
k $ o

� #

 

 � �

�

� ' �  
�

i  
f

& �

�

� #

� f � � k � $ %

 � � "

� � k �

" .  
�  �

� l

�

�

� f

& �

� f

n  
� � � �

� j

f

 
� �

! � & � i

 

�

�

 � �

�  

 
�

i  
k

� i j �

g � $ %

 
� %

� j  
f

�

f

!

� � k � $ %

 � #

� � �

� �

k

, 
! # � �

� � f k

& �

� �  s

 
� � g

� . 
 

2.6.1. 
	 � b

a

^

 
^ + ^ , _

Z

] X V - V

 c . Z

_

Z c

^

 
 

�

f � �

j

f �

#

� k f

� j

f

n  
� %

� j

f

 
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 
�

�

� �

�

� �

 
�

i  �

k  %

 
o

& � � �

k

: u � � � & �  
�

 
e

#

� � �

�  (#

� �

. 16). 
w # � � ! � &

f

'

f

�

� �

n , h

�

�  u � � � & �  
�

 
e

#

� � �

�  – j

�

� ' �

�

& � "

� $

�  ! � #

�

� !

�

# �

� $

, 
�

 h

�

�  ! # �

�

i

k

� �

� $

�  ! �  
k

�

� f

j  
�

� " # �

� � $ %

 
�

�

�

� "  v

� � %

 
o

& � � �

k

 j � '

 �

 
o $ �

�  
k $

h

� �

& �

� $

 �

o $

h

� $

j  j �

�

� � � j  �

o

#

f � �

� ' �  
#

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

 [55]. w # � � ! � &

f

'

f

�

� �

n , h

�

�  
f

�

f

!

� � k � $

"  � #

� � �

�  ! # � �

� f

i

� f

h �

�

 � & n  
k $ o

� #

f

 
� �

�

� ' �  
�

i  
�

�

�

� � & � �

� %

 � � "

� � k �

" . )

f

! #

�

j � # , ! #
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! #

f k

& �
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 �

k � g

�

� �

� j  � � "

� � k �

n j

�

 j � '

 �

 
o $ �

� : 
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k �

'

f �

�

�

n  
k

! � # � � , ! �

k

� #

f

h

� k f �

�  
k

! #

f k

� , ! �

k

� #

f

h

� k f �
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k
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k

� , 
� �
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�
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� f
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�

 �

f g

�

$

"  j � j �
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k

# � j �

� �

 t 
f

�

f

!

� � k � $

"  � #

� � �

�  � � &

g

�

�

 
k $ o

#

f �

�  � �

�

�  
�

i  
k

� i j �

g � $ %

 � � "

� � k �
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� � & �  
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 – j
f

�

� �

j

�

i

�

# �

k f �

�  
r  �

� l

� s

 
�  
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f

#

�

� "  
� f
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f

�

$

 U(t) [19]: 
   

�
¥

=
+=

0

)()(
k

kj
k

j trtU g ,             (12) 

 
' � �   r(tj) – 

�

� �

 t

� �  ! � � � # � ! & �

� �

�  (
� f

' #

f

�

f

, r(tj) > 0 
�

&

�

 
� f

�

f

i

f � �

� , r(tj) < 0), ! � &

 

h �

� �

� �  
f

�

f

!

� � k � $

j  � #

� � �

� � j  
k

 �

f � � $

"  j � j �

� �

 
k

# � j �

� �

 tj, �   – � �

v

r r �

l

�

�

� �

 i

f o $ k f � �

n , 0 < �  < 1.  
�

 
�

o t

� j  
�

&

 

h

f

�  #

f

i

�

�

� �

�  tj+1 - tj j �

g

�

�

 i

f k � �

�

�

�  �

�

 
k

# � j �

� �

, 
�

�  � & n  ! # �

� �

�

� $

 �

o

� i

� f

h �

� �

"  
! # � � ! � &

f

'

f

�

� �

n , h

�

�  t  = tj+1 - tj = const. 
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�
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�
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i
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�
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o
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e

#
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�
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k
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l

�
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� &

�
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�

�

�

 
% f

#

f

�

�

� #

�

i

 s �
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f
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�
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�

&

�

 
� � �  f

l

� �

 
�

 ! �

� �

� ! �

� �

�  
 �

� h

�

n

s � �

n  
k

 ! # � l �

� �

�  �

o  

h �

� �

n . )

f

 �

� �

�

k

�  v

� � %

 � l �

�

� �  �

�  t

�

� � k

& n �

� �

n  
k $ o

� #  
� � "

� � k �

"  
� f

�

�

j  �

o

#

f

i � j , h

�

�

o $

 j

f

�

� �

j

�

i

�

# �

k f �

�  
k

� &

�

h

� �  

 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 U(t). 
 

w #

� �

l

�

!  #

f o

�

� $

 #

f � �

j

f �

#

� k f

� j � ' �  
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 (#

� �

.16) 
�

i &

f

'

f

�

� �

n  
� � g

� . 
 

V(Spr
i(t+� ))

V(S(t))

S(t+� )

� � � � � �

S(t)

 ai(t)
Spr

i(t+� )

� � 	 
 	 �

� � 	 
 	 �

V(S(t+� ))

 
 

�

� �

. 16. �

%

� j

f

 
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

, 
� �

! � & � i

 

� j

f

n  
k

 
r  �

� l

�

�

� f

& �

�

� "  
� � � �

� j � . u � � � & �  
! # � �

�

�

f

i

$ k f

�

�

 
�

& � �

 s t  s

 
� � �  f

l

� s

 Spr
i(t+t ) � & n  

k �

�

%

 
k

� i j �

g � $ %

 � � "

� � k �

"  ai,  i=1,2,…, na. 
	 � �

 t f

n  
� � �  f

l

�

n  S(t), ! # � '

�

� i

$

 Spr
i(t+ t ) 

�

 # �

f

& �

� f

n  
�

& � �

 s t f

n  
� � �  f

l

�

n  S(t+ t ) ! � �

f s � �

n  
� f

 
k %

� �  
e

#

� � �

�

f

 (� �

� f

 
�

 
� f

 
g

�  
�

� " # �

� � f

n  
�

�

�

�  
e

#

� � �

�

f

 ! � �

f

i

f � f

 
k

 �

k f

 ! �

�

& � � �

k f �

� & �

� $ %

 j � j �

� � f

 
k

# � j �

� �

), 
� f

 
k $ %

� � �  � �

�

� # � ' �  
r

� # j

�

#

 s � �

n  � l �

�

�

�

 �

f

h �

� � k f

 
� � �  f

l

�

"  V(S(t)), V(Spr
i(t+ t )) 

�

 
V(S(t+ t )). 

 
u � � � & �  

�

j � �

�

 �

k f

 
� �

!

f

 
k %

� � �

k

: 1) 
k %

� �

$

, 
% f

#

f

�

�

� #

�

i

 s t �

�  
�

� �

 t  s

 
� � �  f

l

� s

 S(t) (
� �

'

� f

&

$

 
�

i  
k �

� q

�

� "  
�

 
k �  �

# �

� �

� "  
�

# � �

$

 
f � �

j

f � f

), 
�

 2) 
k %

� �

$

, 
% f

#

f

�

�

� #

�

i

 s t �

�  � � "

� � k �

n . w # � � ! � &

f

'

f

�

� �

n , 
h

�

�  �

f g

� � �  
k

� i j �

g �

� �  � � "

� � k �

�  ai � � �

�

#

 

�

� �

n  
� k

� � "  
�

�

o � � k

�

� �

� "  � � j

o � � f

l

�

� "  
k %

� � �

k

, 
�

 h

�

�  
h

� �

& �  
k

� i j �

g � $ %

 � � "

� � k �

"  
�

�

k

� &

�

� � . � � & �  u � � � &

�

 – ! # � '

�

� i  
�

& � �

 s t

� "  
� � �  f

l

� �

 � & n  
k �

�

%

 
k

� i j �

g � $ %

 � � "

� � k �

"  ai,  i=1,2,…, na.  
 

� � & �  
e

#

� � �

�

f

 – � l �

�

�

f

 �

f

h �

� � k f

 
� � �  f

l

� �

 V(S) � & n  
�

� �

 t

� "  
� � �  f

l

� �

 S(t), 
�

& � �

 s t

� "  
� � �  f

l

� �

 
S(t+ t ) 

�

 ! # � '

�

� i

�

#

 

� j

$ %

 
� � �  f

l

�

"  Spr
i(t+ t ) � & n  

k �

�

%

 
k

� i j �

g � $ %

 � � "

� � k �

" . 
�

� &

�

h

� � $

  V – � l �

�

�

�

 
r  �

� l

� �

 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 U(t). 
 

�

 �

f g

�

$

"  j � j �

� �

 
k

# � j �

� �

 
k $

! � &

�

n

s � �

n  
�

& � �

 s t �

�  � ! � #

f

l

� �

: 
 



 20 

1) u � � � & �  ! # � �

�

�

f

i

$ k f

�

�

 
�

& � �

 s t  s

 
� � �  f

l

� s

 Spr
i(t+ t ) � & n  

k �

�

%

 
k

� i j �

g � $ %

 � � "

� � k �

"  ai,  
i=1,2,…, na . 

 
2) 

e

#

� � �

�  � l �

� � k f

�

�

 �

f

h �

� � k

�  
� � �  f

l

� �

 � & n  
�

� �

 t

� "  
� � �  f

l

� �

 V(t) = V(S(t)) 
�

 
k �

�

%

 
! # � '

�

� i

�

#

 

� j

$ %

 
� � �  f

l

�

"  Vpr
i(t+t ) = V(Spr

i(t+t )).  
 

1) w #

�

j �

�

n �

� �

n  �  -
g f

�

�

� �  ! #

f k �

& �  [19], 
f

 
�

j �

� �

� , 
k $ o �

#

f

�

� �

n  � � "

� � k �

�  ak 
�

& � �

 s t �

j  �

o

#

f

i � j :  
 

- 
�

 
k

� # � n

� �

�

� �

�

s

 1 - �  
k $ o �

#

f

�

� �

n  � � "

� � k �

�  
�

 j

f

�

� �

j

f

& �

� $

j  i

� f

h �

� �

� j  V(Spr
i(t+t )):  

k = arg  max i{ V(Spr
i(t+t ))}  

- 
�

 
k

� # � n

� �

�

� �

�

s

 �  
k $ o �

#

f

�

� �

n  ! # �

�

i

k

� & �

�

� �  � � "

� � k �

�  ak, 0 < �  << 1, 
 

k – 
� �

� � �

�

 
k $ o �

#

f

� j � ' �  � � "

� � k �

n  ak .   
 

4) • � "

� � k �

�  ak  
k $

! � &

�

n �

� �

n . 
 

5) p l �

� � k f

�

� �

n  
�

� �

 t

� �  ! � � � # � ! & �

� �

�  r(t) 
�

 ! # �

� � %

� �

� �

 ! � # �

%

� �  �  
�

& � �

 s t

� j

 

 j � j �

� �  

 
k

# � j �

� �

 
t+t . )

f o

&

s

�

f

�

� �

n  
�

& � �

 s t f

n  
� � �  f

l

�

n  S(t+t ) 
�

 
�

#

f k � � k f

�

� �

n  
�

 ! # � '

�

� i � j  Spr
k(t+t ). 

e

� # # � �

� �

#

 s � �

n  
k

�

� f

 WM 
�

� " # �

� �

� "  
�

�

� �

 u � � � &

�

 j �

�

� � � j  �

o

#

f � �

� ' �  #

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

 
�

 
l � & �

s

 j

� � �

j

�

i

f

l

� �

 � q

� o

�

�

 ! # � '

�

� i

f

: 
 

�

 WM = � M gradWM(Spr
k(t+t ))T(S(t+t ) - Spr

k(t+t ))  ,       (13) 
 

' � �   � M  –  
�

� � # �

� �

�  �

o  

h �

� �

n  
�

� " # �

� �

� "  
�

�

� �

 u � � � &

�

.  
 

6) 
e

#

� � �

�  � l �

� � k f

�

�

 
k

� &

�

h

� �  

 V(S(t+t )). � h

� � f

�

� �

n  � q

� o

�

f

 
k

# � j �

� �

� "  #

f

i

�

�

� � �

 [19]: 
 

�

(t)  = r(t) + �  V (S(t+t )) - V (S(t)) .    (14) 
 

�

� &

�

h

� � f

 
�

(t) 
% f

#

f

�

�

� #

�

i

 

�

�

 � q

� o

�

 

 
k

 � l �

�

� �  V(S(t)) – 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

, � �

�

� #

 s

 j �

g �

�  
! � &

 

h

� �

� , 
� � %

� � n  
�

i  
�

�

� �

� n

� �

n  S(t). p q

� o

�

f

 
�

(t) #

f � �

h

� � $ k f

�

� �

n  
�

 
 

h �

�

� j  
�

� �

 t

� "  
� f

' #

f

�

$

 r(t) 
�

 
� l �

�

�

�

 
�  

j j

f

#

�

� "  
� f

' #

f

�

$

 V(S(t+t )), � �

�

� #

 s

 j �

g �

�  ! � &

 

h

� �

� , 
� � %

� � n  
�

i  
�

& � �

 s t

� ' �  
�

�

� �

� n

� �

n  
S(t+t ). 
 
7) 

e

� # # � �

� �

#

 s � �

n  
k

�

� f

 WC 
�

� " # �

� �

� "  
�

�

� �

 
e

#

� � �

�

f

:  
 

�

 WC = � C 
�

(t) gradW
� (V(t)) ,          (15) 

 
' � �   � C –  

�

� � # �

� �

�  �

o  

h �

� �

n  
�

� " # �

� �

� "  
�

�

� �

 
e

#

� � �

�

f

. 
�

#

f

�

�

�

� � $

 gradWM(Spr
k(t+t )) 

�

 gradWC(V(t)) 
� i

� f

h

f s �

 ! # �

�

i

k

� �

� $

�  
k $ %

� � �

k

 
�

� " # �

� � $ %

 
�

�

�

� "  �

� �

�

� � �

� & �

�

�  
�

� �

� k

�

� � � k  s t � %

 
k

�

�

�

k

 
� � � f

!

�

�

k

. 
�

#

f

�

�

�

� � $

 
�

h

� � f s � �

n  
� f

�  
g

� , �

f

�  
k

 j �

�

� � �  �

o

#

f � �

� ' �  #

f �

! # �

� �

#

f �

�

� �

n  � q

� o

�

�

 [55]. 
 

p

o  

h �

� �

�  ! �  
r

� # j

 

&

f

j  (14), (15) – j

� � �

j

�

i

f

l

�

n  � q

� o

�

�

 
�

(t) !

 �

� j  ! � �

� �

# � " �

�

 
k

�

�

�

k

 
� � � f

!

�

�

k

 
�

� " # �

� �

� "  
�

�

� �

 
e

#

� � �

�

f

 ' #

f

�

�

�

� � � $

j  j �

�

� � � j . 
 

� j

$ �

&  �

o  

h �

� �

n  u � � � &

�

 ! �  
r

� # j

 

& �  (13) – 
 �

� h

�

�

� �

�  ! # � '

�

� i �

k

 
o  

�

 t � %

 
� � �  f

l

�

" .  
 

� j

$ �

&  �

o  

h �

� �

n  
e

#

� � �

�

f

 ! �  
r

� # j

 

&

f

j  (14),(15) 
�

�

� �

�

� �

 
k

 
�

� j , h

�

�

o $

 
� �

� #

f � � k �

�  
 �

� h

�

n

�

�  � l �

�

�

 

 
�

f

h �

� � k f

 
� � �  f

l

�

"  V(S(t)) 
k

 
�

� �

� k

�

� � � k � �

 
�

 ! �

� �  

!

f s t �

j

�

 ! � � � # � ! & �

� �

n j

�

.  
 

�

i & �

g

�

� � f

n  
� %

� j

f

 
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 – n � # �  #

f � �

j

f �

#

� k f

� j � "  
r  �

� l

�

�

� f

& �

�

� "  
� � � �

� j

$

. 
u

�

�

g

�

� � k

�  
r  �

� l

�

�

� f

& �

� $ %

 
� � � �

� j  
r

� # j

�

#

 s �

 ! � &

�  s

 
� � � �

� j

 

 
 

! #

f k

& �

� �

n  
f � �

j

f �

� j  (#

� �

. 15).  
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2.6.2. 
�

d

X

c � Z

V X

Z .

V ] ^ X

Z

b

 
\

Z

\ _ b

a

�

 d

,

.

^ ]

Y

b X

Z �  
^ X

Z a

^ _ V

a  
 

• �

� f

& �

� f

n  
� �

#

 

�

�  

#

f

 j � � � &

�

 
�

�  ! # � �

� � f k

& �

� f

 
� f

 #

� �

. 17. 
�

 �

� �

�

k  

 
�

�  ! � & �

g

�

� f

 
�

i & �

g

�

� � f

n  
k $

q �  
� %

� j

f

 
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

. • � ! � &

� � �

� & �

� $

�  
� k

� "

� � k f

 
�

�  ! �  
�

#

f k �

�

� � s

 
�

�  
� %

� j � "  
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 
� f

� �

k $

: 1) 
�

�  � � ! � &

� � �

� & �

�

�  
r

� # j

�

#

 

�

�

 � � j

f �

�

$

 
�  o � � � �

� j

f

j  
�

 ! �

� $

&

f

�

�

 
�

�

h �

� $

 �  # � i

 

& �

� f � f %

 � � "

� � k �

"  
�  

! � #

� � � �

� j � , 
�

 2) 
�

#

f k �

�

� �

�  j �

g

�

 

 ! # � '

�

� i � j  Spr
k(t+� ) 

�

 
# � i

 

& �

� f �

� j  S(t+� ) j �

g

�

�

 
o $ �

�  �

�

& �

g

�

�

�  � �  j � j �

� � f

 t+� , � � ' �

f

 ! �

� �  

!

� �

 �

�

h �

�

 �

�

 
�  o � � � �

� j  
(� �

� f

& �

�

� "  
�

j . 
� � g

� ). �

k

n i

�

 �

f � �

� "  
�

�  
�

 
�  

! � # /
�  o � � � �

� j

f

j

�

 ! � �

f

i

f � $

 
k

� #

� �

�

f

& �

� $

j

�

 
g �

#

� $

j

�

/!

 �

�

� �

#

� $

j

�

 
� �

# � & �

f

j

�

.  
 

S(t+� )

S(t)

� � � � � � 	 
 � �

 
 �

� � �




� � � � � �

�
� � � � � � � �

� � � � � �

� � �  � � � �

, ak(t)

! � � " � � #

, Spr
k(t+�

)

! � � � $ � � �

� � % � � � $ &

� # ' � � � � �

, S(t+�
)

�

 
 ' (  �  � � ) � * �

 
 ' (  �  � � ) +

* �

 
 ' , � �  �  � � ) + �

 
 ' , � �  �  � � ) �

- � � � � � � ' . / � $

� � ) � � � �
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k �

�

�

j � j

 

, � �

�

� "  
�

i  ! � #

k $ %

 j � � � & �

� $ %

 # �

f

&

�

i

f

l

�

"  j � ' & �  
o $

 
o $ �

�  
k

�

�

! # �

�

i

k

� � �

� �

�  
f

�

f

!

� � k �

� ' �  ! �

k

� � �

� �

n  
f

' �

� �

�

k

 
�

 
�

� #

f

#

% �

� "  l � & � "  
�

 ! � � l � & � " , � !

� � f � �

� ' �  
k

 #

f

i � � & �  2.5.2 (
�

j . #

� �

. 
14).  
 

w � � h � # �

�

� j , h

�

�  # � & �  ! # � � �

� f

 «u � i '  
f � �

j

f � f

» j �

g

�

�

 
o $ �

�  ' &

 o

� � � "  
�

 
�

� # � � i

�

� " : v

�

�

�

 ! # � � �

�

 
j �

g

�

�

 
o $ �

�  ! � & �

g

�

�

 
k

 �

� �

�

k  

 
o f

i �

k $ %

 j � � � & � "  «
� � �

� & & � �

�  f

& �

� $ %

» 
�

i �

o

# �

�

�

� �

"  
o �

� & � '

�

h �

�

� � "  
v

k

� &

s

l

� �

 (
�

j . #

f

i � � &  1 
�

 #

� �

. 2).   
 

w # � � �

�

 «u � i '  
f � �

j

f � f

» �

� �

�

k f �

 
� f

 
�

� " # �

�

�

�

�

k $ %

 
f

�

f

!

� � k � $ %

 � #

� � �

�

f %

, � & n  #

f

i

k � � �

n  ! # � � �

� f

 
k f g �

�  � l �

� � �

�  
k

� i j �

g �

�

� � �

 
f

�

f

!

� � k � $ %

 � #

� � �

� �

k

 
�

 ! # �

k

� #

� �

� , �

f

�  
r  �

� l

�

�

� �

#

 s �

 ! # �

� � $

�  
� %

� j

$

 
f

�

f

!

� � k � $ %

 � #

� � �

� �

k

 
k

 � �

�

� # �

� � $ %

 j � � � & n

%

. 
�

 
�

& � �

 s t

� j  #

f

i � � & �  
�

i &

f

'

f s � �

n  # � i

 

& �

� f � $

 
� � �

& � � �

k f � �

n  
� f

� � "  j � � � &

�

. 
 
2.7.  

� V + b

Y

`

 �

] V

Y � � Z Z  
, V ,

d Y � � Z Z  
\ ^

a

V V [

d �

^

� � Z

� \

�  
^ - b X _ V ]

 
X ^

 
[ ^

�

b

 
X b �

.

V \ b _ b ] � �

 
^ + ^ , _

Z

] X � �

 c . Z

_

Z c

V ]

 [57] 
 
2.7.1. 

� ,

Z

\ ^ X

Z

b

 a

V + b

Y Z  
 

�

 �

f � �

� j  #

f

i � � & �  
� � �

& � �

 

�

� �

n  j � � � & �  v

k

� &

s

l

� �

 ! � !

 

& n l

� �

 
� f

j � �

o  

h

f s t � % �

n  
f k �

�

�

� j

� $ %

 
f

' �

� �

�

k

 
�

 
f � f

&

�

i

�

#

 

�

� �

n  
k

i

f �

j � � � "

� � k �

�  j �

g

�

 

 �

o  

h �

� �

� j  
�

 v

k

� &

s

l

�

� " . �

� � �

� j

f

 
 

! #

f k

& �

� �

n  
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�

�

� � & �

�

� ' �  
f

' �

� � f

 �

� �

�

k f � f

 
� f

 
�

� " # �

�

�

�

�

k $ %

 
f

�

f

!

� � k � $ %

 � #

� � �

�

f %

 [43,44] (
�

j . 
� f

�

g

�  #

f

i � � &  2.3). 
u � � � & �  �

�

#

f o f � $ k f

�

� �

n  
� f

 ! #

�

j � # �  
f

' �

� � f

-
o

# � � � #

f

. 
 

	 � b

a

^

 
^ - b X _ ^

-
[

.

V

c

b

.

^

. �

f � �

j

f �

#

� k f

�

� �

n  j � � � & �  
f

' �

� � f

-
o

# � � � #

f

, � �

�

� #

$

"  
�

j � �

�

 # �

�  

#

� $

 �

k  %

 
� �

! �

k

: � �

�

� '

�

 
�

 
f

� l

� �

; 
�  

j j

f

 v

� � %

 # �

�  

#

�

�

k

 
�

�

� � f k

& n �

�

 �

f

!

� � f

&  
f

' �

� � f

 C(t); � � & n  
f

� l

�

"  
k

 �

f

!

� � f

& �  
#

f k � f

 u(t). 
� �

� q

�

n n  
�

# � �

f

 � ! # � � � & n �

� �

n  
k

# � j �

� � $

j  # n � � j  X(t), t = 0,1,2,..., X(t) – �

 

#

�

 
f

� l

�

"  
� f

 
o �

#

g

�  
k

 j � j �

� �

 
k

# � j �

� �

 t . ( ' �

� �

 
� �

# � j

� � �

n  
 k

� &

�

h

� �

�  
� k

� "  �

f

!

� � f

&  C(t), 
�

i j �

�

n n  i

� f

h �

� �

�  u(t). 
•

� � f

j

�

�

f

 �

f

!

� � f

&

f

 � ! # � � � & n �

� �

n  
k $

#

f g

�

� �

� j  [58]:  
 

�

(t+1) = 
�

(t) {1 + u(t+1) � X(t+1) / X(t)} [1 - J |u(t+1) – u(t)|],        (16) 
 

' � �  � X(t+1) = X(t+1) - X(t) – 
�

� �

 t

� �  
�

i j �

�

�

� �

�  �

 

#

� f

 
f

� l

�

" , J – !

f

#

f

j �

�

# , 
 

h

� � $ k f s t �

"  #

f � %

� �

$

 
f

' �

� � f

 
� f

 ! � �

 

! �

 

/! # � �

f g  

 
f

� l

�

" . 
� �

! � & � i

 

�

� �

n  & � '

f

#

� r

j

�

h �

�

�

f

n  q �

f

&

f

 � & n  # �

�  

#

� f

 
f

' �

� � f

, R(t) = 
log C(t) [59].  	 � �

 t

� �  ! � � � # � ! & �

� �

�  
f

' �

� � f

 r(t) = R(t+1) – R(t) #

f k �

� : 
 

r(t) = log {1 + u(t+1) � X(t+1) / X(t)} + log [1 - J |u(t+1) – u(t)|].       (17) 
 

• & n  ! # �

� �

�

� $

 ! # � � ! � &

f

'

f

�

� �

n , h

�

�  ! � # � j �

� � f

n  u j �

g

�

�

 ! #

� � �

j

f �

�  
�

� & � � �  �

k f

 i

� f

h �

� �

n  u = 0 (
k

�

�

�  
�

f

!

� � f

&  
k

 � �

�

� '

f %

) 
�

&

�

  u = 1 (
k

�

�

�  �

f

!

� � f

&  
k

 
f

� l

�

n

%

).  
 

�

Y

- V

. Z

_

a  
V [

d �

b X

Z � . �

� � �

� j

f

 
 

! #

f k

& �

� �

n  
f

' �

� � f

 ! # � �

� � f k

& n �

�

 
�

�

o

� "  ! # �

� �

� "  
f

�

f

!

� � k � $

"  � #

� � �

� , 
�

�

� �

� n

t �

"  
�

i  �

k  %

 
�

� " # �

� � $ %

 
�

�

�

� "  () � ): u � � � & �  
�

 
e

#

� � �

�  (#

� �

. 18). � � & �  
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 – 
j

f

�

� �

j

�

i

�

# �

k f �

�  
r  �

� l

� s

 ! � & � i

�

�

� � �

 U(t) [19]: 

,...,2,1,)()(
0

=+= �
¥

=

t jtrtU
j

jg
          

(18) 

 
' � �  r(t) – 

�

� �

 t

� �  ! � � � # � ! & �

� �

� , ! � &

 

h �

� �

� �  
f

' �

� �

� j , 
�

 �  – 
r f

�

�

� #  i

f o $ k f � �

n  (0 < �  < 1).  
 

�

%

� j

f

 �

f � �

� ' �  
f

�

f

!

� � k �

� ' �  � #

� � �

�

f

 ! � � �

o � f

 
o

� & � �  �

o t

� "  
� %

� j � , ! # � � & �

g

�

� �

� "  
k

 ! # � � �

�

�  «u � i '  
f � �

j

f � f

» (#

f

i � � &  2.6.1), � �

� f

� �  
�

j � �

�

 
� k

�

s

 
�

! � l

� r �

�

 

, 
� k

n i

f � �  s

 
�

 
�

� j , h

�

�  
k

# � j �

� �

� "  # n �  X(t) 
�

�  
i

f k � � � �

 �

�

 � � "

� � k �

"  
f

' �

� � f

.      
 

�

 ! # � � ! � & �

g

�

� � �

 � X(t) << X(t) 
�

h

� � f

�

� �

n , h

�

�  
� � �  f

l

�

n  S(t), 
% f

#

f

�

�

� #

�

i

 s t f

n  
�

�

� �

� n

� �

�  
f

' �

� � f

, 
i

f k � � � �

 
�

� & � � �  �

�

 �

k  %

 
k

� &

�

h

� �

, � X(t) 
�

 u(t):   S(t) = {� X(t), u(t)}.  
  

 

� � � � � �

 

� 	 
 � 
 �

 

� 	 
 � 
 �

 

 



X pr(t+1) 

{



X(t), u(t)}   V(t) 

{



X(t-m+1),…,



X(t)}  

 {



X pr(t+1), u}   Vpr
u (t+1) 

 V(t+1)  {



X(t+1), u(t+1)} 

 
 

�

� �

. 18. �

%

� j

f

 
� � � �

� j

$

 
 

! #

f k

& �

� �

n  
f

' �

� � f

. ) �  
e

#

� � �

�

f

 ! � �

f

i

f � f

 � & n  �
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 ! �

�

& � � �

k f �

� & �
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�

�

�
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k

# � j �

� �

. u � � � & �  ! # � �

� f

i

� f

h �

� f

 � & n  ! # � '

�

� i

�

# �

k f � �

n  
�

i j �

�

�

� �

n  �

 

#

� f

 
k

# � j �

� �

� ' �  # n �

f
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e

#

� � �

�  ! # � �

� f

i

� f

h �

�

 � & n  � l �

�

�

�

 �

f

h �

� � k f

 
� � �  f

l

�

"  V(S) � & n  
�

� �

 t

� "  
� � �  f

l

� �

 S(t) = {� X(t), u(t)}, 
� & n  

� � �  f

l

� �

 
k

 
�

& � �

 s t �

"  
� f

�

�

 
k

# � j �

� �

 S(t+1) 
�

 � & n  ! # � �

�

�

f

i

$ k f

� j

$ %

 
� � �  f

l

�

"  � & n  �

o

�

� %

 
k

� i j �

g � $ %

 � � "

� � k �

"  Spr
u(t+1) = {� Xpr (t+1), u}, u = 0 &

� o

�  u = 1.  
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u � � � & �  ! # � �
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i
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�
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�
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�
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�
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#

� f

 
k

# � j �
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� �  u � � � &
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! � �

f

�
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$
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� f

h �
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�

i j �

�

�
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#

� f

 
�

X(t-m+1), … , 
�

X(t), 
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k $ %

� � �  
r

� # j

�

#

 

�

� �

n  
! # � '

�

� i  
�

i j �

�

�

� �

n  �

 

#

� f

 
k

 
�

& � �

 s t �

"  
� f

�

�

 
k

# � j �

� �

 � Xpr(t+1). u � � � & �  ! # � �

� � f k

& n �

�

 
�

�

o

� "  
�

k  % �

& � "

�  s

 ) � , #

f o

�

� f

 � �

�

� # � "  � !

� � $ k f

�

� �

n  
r

� # j

 

&

f

j

�
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xM = {
�

X(t-m+1),…,
�

X(t)},  yM
j = th (
 i w

M
ij x

M
i),  

�

Xpr(t+1) = 
 j v
M

j y
M

j ,       
 

' � �  xM – 
k %

� �

�

� "  
k

� �

�

� # , yM – 
k

� �

�

� #  
k $ %

� � �

k

 
�

� " # �

�

�

k

 
�
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$ �

� ' �  
�

& � n , wM
ij 

�

 vM
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k

�

� f
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!

�

�

k

 
) � . 
 

e

#

� � �

�  ! # � �

� f

i

� f

h �

�

 � & n  � l �

�

�

�

 �

f

h �

� � k f

 
� � �  f

l

�
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f

 
�

j �

� �

� , � l �

�

�

�

 
r  �

� l

� �

 ! � & � i

�

�

� � �

 
U(t) (

�

j . 
r

� # j

 

&

 

 (18)) � & n  
f

' �

� � f

, 
� f %

� � n

t

� ' �

�

n  
k

 #

f � �

j

f �

#

� k f

� j � "  
� � �  f

l

� �

 S. 
e

#

� � �

�  
! # � �

� � f k

& n �

�

 
�

�

o

� "  �

k  % �

& � "

�  s

 ) � , #

f o

�

� f

 � �

�

� # � "  � !

� � $ k f

�

� �

n  
r

� # j

 

&

f

j

�

: 
 

xC = S(t) = {
�

X(t), u(t)},  y
�

j = th (
  i w
�

ij x
�

i),  V(t) = V(S(t)) = 
  jv
�

j y
�

j ,      
  

' � �  xC – 
k %

� �

�

� "  
k

� �

�

� # , yC – 
k

� �

�

� #  
k $ %

� � �
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& � n , wC
ij 

�

 vC
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k

�

� f
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!

�

�
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�

$
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� �

 
k
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� �

 t 
k $

! � &

�

n

s � �

n  
�

& � �

 s t �

�  � ! � #

f

l

� �

: 
1) u � � � & �  ! # � �

�

�

f

i

$ k f

�

�

 
�

& � �

 s t

� �  
�

i j �

�

�

� �

�  
k

# � j �

� �

� ' �  # n �

f

 � Xpr(t+1).   
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e

#

� � �
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� � k f

�
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k

� &

�

h

� �  

 V � & n  
�

� �
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� �

 V(t) = V(S(t)) 
�

 � & n  ! # � �

�

�

f

i

$ k f

� j

$ %

 
� � �  f

l

�

"  � & n  �

o

�

� %

 
k

� i j �

g � $ %

 � � "

� � k �

"  Vpr
u(t+1) = V(Spr

u(t+1)), ' � �  Spr
u(t+1) = {� Xpr (t+1), u}, u = 

0 &

� o

�  u = 1.  
3) w #

�

j �

�

n �

� �

n  � -
g f

�

�

� �  ! #

f k �
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�
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�

� �
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f
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 [58]:  
 
X(t) = exp(p(t)/1200),   p(t) = p(t-1) + b(t-1) + k l (t),  b(t) = ab(t-1) + m(t),     (21) 
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